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Abstract
Background: We aimed to examine whether time spent on different sedentary behaviours is associated with bone
mineral content (BMC) in adolescents, after controlling for relevant confounders such as lean mass and objectively
measured physical activity (PA), and if so, whether extra-curricular participation in osteogenic sports could have a
role in this association.
Methods: Participants were 359 Spanish adolescents (12.5-17.5 yr, 178 boys,) from the HELENA-CSS (2006–07).
Relationships of sedentary behaviours with bone variables were analysed by linear regression. The prevalence of
low BMC (at least 1SD below the mean) and time spent on sedentary behaviours according to extracurricular sport
participation was analysed by Chi-square tests.
Results: In boys, the use of internet for non-study was negatively associated with whole body BMC after
adjustment for lean mass and moderate to vigorous PA (MVPA). In girls, the time spent studying was negatively
associated with femoral neck BMC. Additional adjustment for lean mass slightly reduced the negative association
between time spent studying and femoral neck BMC. The additional adjustment for MVPA did not change the
results at this site. The percentage of girls having low femoral neck BMC was significantly smaller in those
participating in osteogenic sports (≥ 3 h/week) than in the rest, independently of the cut-off selected for the time
spent studying.
Conclusions: The use of internet for non-study (in boys) and the time spent studying (in girls) are negatively
associated with whole body and femoral neck BMC, respectively. In addition, at least 3 h/week of extra-curricular
osteogenic sports may help to counteract the negative association of time spent studying on bone health in girls.
Keywords: Bone health, Sedentary behaviours, Adolescents, Physical activity and extra-curricular participation
in sports
Background
It is well known that acquiring a high bone mass during
childhood and adolescence is a key determinant for adult
skeletal health [1]. Although genetics greatly determine
bone mass [2], environmental and lifestyle factors, such
as physical activity (PA) have important osteogenic
effects [3]. There is strong evidence that exercise has
important osteogenic effects, mainly when high-impact
and weight-bearing PA occur [4]. Increased bone mass
during childhood and adolescence has been associated
to the frequency, intensity and type of PA [3,5-8]. This
phenomenon is related to the mechanostat theory [9,10],
suggesting that both exercise and PA could drive to a
direct osteogenic effect on bone mass and an indirect
osteogenic effect by increasing muscle size and strength
and hence the tensions generated on bones [4].
A common misconception is to identify as sedentary
those subjects that do not comply with PA guidelines.
Guidelines for children and adolescents, recommend
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that young people should accumulate at least 60 minutes
(up to several hours) of moderate to vigorous PA
(MVPA) per day [11]. However, the term sedentary
should only be used when a subject stay several hours in
positions requiring very low energy expenditure (<1.5
metabolic equivalent, MET) [12].
To the best of our knowledge, there is a lack of infor-
mation regarding the association between sedentary
behaviours and bone health. A recent study showed that
sedentary behaviours may have a role on bone health,
and also that the deleterious health outcomes caused by
sedentary behaviours differ from those that are associated
with inadequate PA levels [13]. Vicente-Rodríguez et al.
recently showed that adolescents from the AVENA study
who watched television (TV) more than 3 hours/day, had
an increased risk of low whole body bone mineral con-
tent (BMC) [14]. Nonetheless, the association was only
observed in males and disappeared when participation
in extra-curricular sports was taken into account, sug-
gesting that the negative consequences of sedentary
behaviours on bone health can be counteracted by
extra-curricular sport participation. In the present
study, we do so but taking into account a large list of
sedentary behaviours and bone mass related-variables
and using objectively measured PA and lean mass as
confounders in our analyses. A better understanding of
the sedentary behaviour-bone health association is of
great importance, especially on a key period as adoles-
cence and, in regions with clinical relevance in the
diagnosis of osteoporosis, such as femoral neck and
lumbar spine [1].
The Healthy Lifestyle in Europe by Nutrition in Ado-
lescence Cross-Sectional Study (HELENA-CSS) retrieved
interesting information on sedentary behaviours and
bone health, and provides a good opportunity to explore
the association between these variables in adolescence,
after controlling for key confounders, such as lean mass
[15] and objectively measured PA [3].
In this study, we aimed to examine whether time spent
on different sedentary behaviours (i.e. TV viewing, com-
puter games, console games, internet for non-study,
internet for study, study and total sedentary time) is
associated with BMC (i.e. whole body, lumbar spine
and femoral neck) in adolescents, after controlling for
relevant confounders such as lean mass and object-
ively measured PA, and if so, whether extra-curricular
participation in osteogenic sports could have a role in
this association.
Methods
Participants
The HELENA-CSS used harmonized and well standar-
dized methods of measurement in European adolescents
in 2006–07 [16], which have been described in detail
elsewhere [17]. Briefly, the HELENA-CSS aimed to de-
scribe the lifestyle and nutritional status among Euro-
pean adolescents [16] and took place between October
2006 and December 2007 in ten European cities. To
guarantee that heterogeneity of social background of the
population, schools were randomly selected after stratifi-
cation on school zone or district. Up to three classes
from two grades were selected per school. In this report,
we focus on the sample from Zaragoza (Spain), one of
the 10 centres (cities) involved in the HELENA-CSS,
where bone mass was measured by dual energy X-ray
absorptiometry (DXA). Inclusion criteria were to have
valid data on height, sexual maturation, DXA (bone and
lean mass), objectively measured PA and self-report of
sedentary behaviours. Twenty-four adolescents from
Zaragoza were excluded due to some missing data in
these variables. A total of 178 boys and 181 girls were fi-
nally included in the analyses. The participants included
(n=359) in our analyses did not differ from those
excluded from Zaragoza (n=24) in weight, height, body
mass index (BMI) and time spent in any sedentary be-
haviour. The study was performed following the ethical
guidelines of the Declaration of Helsinki 1975 (as revised
in 1983). The study was approved by the Ethics Commit-
tee of Clinical Research from the Government of Aragón
(CEICA, Spain) [18]. Written informed consent was
obtained from both, adolescents and their parents.
Sedentary behaviours
A self-report sedentary behaviour questionnaire was
administered during the school hours. Adolescents
reported time watching TV, playing with computer
games, playing with console games, surfing by internet
for reasons other than study, surfing by internet due to
study reasons, and studying (non-school time) for week
and weekends days, selecting one of the following cat-
egories: 1) 0 min, 2) >0–30 min, 3) >30–60 min, 4) >60–
120 min, 5) >120–180 min, 6) >180–240 min and 7)
>240 min. We estimated the sedentary minutes per day
as follows: category 1 = 0 min, 2 = 15 min, 3 = 45 min,
4 = 90 min, 5 = 150 min, 6 = 210 min and 7 = 241 min,
respectively. These cut-offs have been previously used
[19]. Total sedentary time was computed as the sum of
the time spent on the reported sedentary behaviours.
The HELENA sedentary behaviour questionnaire is a re-
liable questionnaire to be used in adolescents [19].
Body composition measurements
International guidelines for anthropometry in adoles-
cents were used in the HELENA-CSS [20]. While the
participants were barefoot and clad in light indoor cloth-
ing, body weight (Kg) and height (cm) were measured
with an electronic scale (Type SECA 861), precision
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100 g, range 0–150 Kg, and a stadiometer (Type Seca
225), precision 0.1 cm, range 70–200 cm, respectively.
Osseous and soft tissues of the adolescents were mea-
sured with DXA, using a paediatric version of the soft-
ware QDR-Explorer (Hologic Corp., Software version
12.4, Bedford, MA, USA). A lumbar spine phantom was
used for assuring quality control of measurement as
recommended by the manufacturer. For the whole body
measurement, adolescents were scanned in supine pos-
ition and the scans were performed at high resolution
[8]. The bone mineral density (BMD; g·cm–2), area
(cm2), fat mass (g) and lean mass (g) [body mass – (fat
mass + bone mass)] were determined for each individual
from total and regional analysis of the whole body scan.
Bone mineral content (g) was calculated using the for-
mula BMC = BMD·area. Two additional examinations
were conducted to estimate bone mass at the lumbar
spine (mean L1-L4) and hip sub-regions (trochanter,
intertrochanter and femoral neck) as previously
described [21].
The coefficients of variation (CV) of the DXA in our
lab were calculated for regional analysis of the complete
body scan in 49 adolescents with repositioning. The CV
were: 2.3% for BMC; 1.3% for BMD; 2.6% for bone area
and 1.9% for lean mass [15].
Pubertal status assessment
A physician examined the adolescents in order to clas-
sify them in one of the five stages proposed by Tanner
and Whitehouse [22].
Physical activity
Uniaxial accelerometers (Actigraph GT1M, Manufactur-
ing Technology Inc. Pensacola, FL, USA) were used to
assess PA as described previously [23]. In this study, the
interval of time (epoch) was set at 15 seconds. The time
spent (minutes/day) at moderate PA (MPA) [3–6 METs]
was calculated based upon a cut-off of 2000–3999
counts per minute (cpm) [24], which is equivalent to the
intensity of a brisk walk (4.5 km.h-1). The time spent
(minutes/day) at vigorous PA (>6 METs) was calculated
based upon a cut-off of 4000 cpm. Further, MVPA
(>3 METs) was calculated as the sum of moderate and
vigorous PA. The cut-offs to define the intensity categor-
ies are similar to those used in previous studies [25].
Participants were classified as non-active adolescents
(<60 minutes/day of MVPA) and active adolescents
(≥60 minutes/day of MVPA) according to the recent
guidelines launched by the U.S. Department of Health
and Human Services and other medical institutions [11].
Extra-curricular participation in sports
Adolescents were asked about their extra-curricular par-
ticipation in sports and the average time per week. Once
the answers were obtained, adolescents were classified in
two different groups: 1) active adolescents: those doing
≥3 h/week of osteogenic sports (i.e. football, basketball,
tennis, etc.); and 2) rest of adolescents: those doing
<3 h/week of osteogenic sports, or doing non-osteogenic
sports (i.e. swimming, cycling, skating, etc.), or not doing
any extra-curricular sport.
The selection of this cut-off is based on scientific evi-
dence. Children (9–12 yr) doing ≥3 h/week of extra-
curricular sport increased total lean and bone mass to a
greater extent than those children who did not partici-
pate in extra-curricular sports [5,7].
Statistics
After square root transformation of the continuous
variables of TV viewing, use of computer games and
time spent studying and natural logarithm transform-
ation of console games, internet for non-study, internet
for study and the total sedentary time, all variables
showed a normal distribution (established by using
Kolmogorov-Smirnov tests). Descriptive data were
assessed by one-way analysis of variance (ANOVA) for
normally distributed variables and by U Mann Whitney
for non-normally distributed variables. Relationships of
sedentary behaviours (i.e. the continuous variables of
TV viewing, use of computer games, console games,
internet for non-study, internet for study, time spent
studying and total sedentary time) with different bone
mass related variables (i.e. whole body, lumbar spine
and femoral neck) were analysed using linear regres-
sion models, including height and sexual maturation
as covariates (model 1). Model 2 included model 1 +
total lean mass to test the role of lean mass in this
association. Model 3 included model 2 + MVPA to
test the role of MVPA in this association. All residuals
showed a satisfactory pattern.
Additionally, BMC and BMD z-scores were calculated
using a reference standard obtained by age and gender
[26] in regions with clinical relevance in the diagnosis of
osteoporosis and with significant associations in regres-
sion analyses (i.e. femoral neck). Once obtained, adoles-
cents with low BMC [at least 1 standard deviation (SD)
below the mean] were selected to assess the prevalence
of low BMC according to time of study in active girls vs.
the rest of girls (Chi-square tests). As there is no con-
sensus in the literature about the appropriate cut-offs
for sedentary behaviours (i.e. time of study), two differ-
ent cut-offs were used: (low study; <2 h/day and high
study; ≥ 2 h/day) and (low study; <3 h/day and high
study; ≥ 3 h/day).
All the analyses were performed using the Statistical
Package for Social Sciences software (SPSS, v. 15.0 for
WINDOWS; SPSS Inc., Chicago, IL, USA), and values of
p<0.05 were considered statistically significant.
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Results
Table 1 shows descriptive characteristics by gender.
Results showed that there were no differences between
boys and girls in age, lumbar spine BMC, time spent on
TV viewing and total sedentary time; however, most
traits differed by gender.
In boys, total sedentary time was negatively associated
with whole body BMC (partial corr, -0.157, p=0.043)
(Table 2). However, significant differences disappeared
after additional adjustment for lean mass (model 2) and
MVPA (model 3). In addition, the use of internet for non-
study was negatively associated with whole body BMC
after additional adjustment for lean mass (model 2) (par-
tial corr, -0.167, p=0.047) and MVPA (model 3) (partial
corr, -0.168, p=0.047) (Table 2). No significant associa-
tions were found between sedentary behaviours and both
lumbar spine (Table 3) and femoral neck (Table 4).
In girls, the time spent studying was negatively asso-
ciated with whole body BMC (partial corr, -0.174,
p=0.023) (Table 2). However, significant differences dis-
appeared after additional adjustment for lean mass
(model 2) and MVPA (model 3). In addition, there was a
negative association between this sedentary behaviour
and femoral neck BMC (partial corr, -0.221; p=0.004)
(Table 4). Additional adjustment for lean mass (model 2)
slightly reduced the negative association between time
spent studying and femoral neck BMC (partial corr,
-0.152; p=0.049). The additional adjustment for MVPA
did not change the results at this site (partial corr,
-0.152; p=0.049). No significant associations were found
between sedentary behaviours and lumbar spine
(Table 3).
Finally and also in girls, the total sedentary time was
negatively associated with femoral neck BMC (partial
corr, -0.201, p=0.011) (Table 4). Despite the disappear-
ance of significant differences after additional adjust-
ment for lean mass (model 2) (partial corr, -0.150;
p=0.058) and MVPA (model 3) (partial corr, -0.152;
p=0.056), there was a trend toward significance in both
models.
Due to the importance of femoral neck in the diagno-
sis of osteoporosis and to the fact that regression ana-
lyses showed high and significant associations between
this site and time spent studying in girls, complementary
analyses were performed. Both in low (<2 h/day) and
high (≥2 h/day) time of study, the percentage of girls
having low femoral neck BMC (at least 1SD below the
mean) was significantly smaller in active girls than in the
rest (Figure 1A). The results showed a similar pattern
when using the cut-off in 3 h (Figure 1B). Similar results
were obtained for whole body and lumbar spine BMC
using both cut-offs (data not shown).
Discussion
The main findings of the present study indicate that (1)
some sedentary behaviours, such as the use of internet
Table 1 Descriptive characteristics of the studied adolescents (n=359)
Variables All (n=359) Boys (n=178) Girls (n=181)
Age (y) 14.8 ± 1.2 14.8 ± 1.2 14.8 ± 1.1
Sexual maturation(I/II/III/IV/V) (%) (0/2/6/13/79) (0/3/9/20/68) (0/1/4/6/89)*
Body mass (Kg) 58.3 ± 13.1 62.2 ± 15.3 54.6 ± 9.1*
Height (cm) 164.6 ± 10.9 168.5 ± 12.2 160.4 ± 7.2*
Whole body lean mass (Kg) 40.5 ± 8.5 45.6 ± 8.5 35.5 ± 4.7*
Whole body fat mass (Kg) 14.8 ± 6.1 13.3 ± 6.5 16.4 ± 5.3*
Whole body BMC a (g) 1999.34 ± 421.73 2127.21 ± 473.35 1873.61 ± 318.34*
Lumbar spine BMC a (g) 51.15 ± 12.84 52.13 ± 14.87 50.16 ± 10.38
Femoral neck BMC a (g) 4.24 ± 0.89 4.63 ± 0.97 3.85 ± 0.61*
MVPA b (minutes/day) 58.8 ± 24.1 65.7 ± 24.8 49.9 ± 20.4*
TV viewing (minutes/day) 107.1 (62.1-150) 107.1 (57.8-139.3) 107.1 (75–167.1)
Use of computer games (minutes/day) 23.6 (0–60.) 36.4 (12.8-77.1) 7.5 (0–36.4)*
Use of console games (minutes/day) 4.3 (0–36.4) 25.7 (4.3-57.8) 0 (0–4.3)*
Use of internet for non-study (minutes/day) 45 (15–92.1) 36.4 (10.7-75) 57.8 (23.6-107.1)*
Use of internet for study (minutes/day) 15 (9.1-36.4) 15 (0–32.1) 15 (10-7-45)*
Time of study (minutes/day) 90 (36.4-132.9) 75 (23.6-120) 90 (45–150)*
Total sedentary time (minutes/day) 331.1 (242.1-460.2) 327.9 (241.1-457.5) 340.7 (242.1-473.6)
ANOVA was performed for normally distributed variables (mean ± SD) and U Mann Whitney for non-normally distributed variables (median and interquartil
intervals).
a Bone Mineral Content; b Moderate to Vigorous Physical Activity.
* Sex differences (p<0.05).
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for non-study in boys and the time spent studying in girls
are negatively associated with whole body and femoral
neck BMC, respectively, and (2) active girls (≥3 h/week of
osteogenic sports) present a lower prevalence for having
low femoral neck BMC (at least 1SD below the mean),
suggesting that the negative effect on bone mass of a sed-
entary behaviour such as time for study, could be coun-
teracted by the practice of extra-curricular osteogenic
sports.
It is well known that bone mass is around 60-80% gen-
etically determined [2], therefore it is of importance to
know which factors contribute to the development of
bone mass. In this regard, weight bearing and high-
impact intense PA, mainly through participation in
sports, have shown osteogenic effects [4]. It has been
shown that boys doing ≥ 3 h/week of extra-curricular
sport increase total lean and bone mass to a greater ex-
tent than those not doing extra-curricular sports [5],
which has been observed also in young [27] and adoles-
cent girls [28]. In contrast, physical inactivity has been
proposed as a determinant factor for low bone mass in
young women [29].
Little is known about the association among sed-
entary behaviours and bone mass in a key period
such as adolescence. In adolescents from the AVENA
study, Vicente-Rodríguez et al. concluded that ≥3 h/day
watching TV was associated with reduced total bone
mass in boys, and their results suggested that extra-
curricular PA could counteract this deleterious effect
[14]. The present study do so taking into account a large
list of sedentary behaviours (i.e. time spent on TV view-
ing, computer games, console games, internet for non-
Table 2 Linear regression analysis for whole body bone mineral content as regards to sedentary behaviours
Boys (n=178) Girls (n=181)
Model 1: Adjusted by height and sexual maturation
Sedentary behaviours † β a Partial Corr b P β a Partial Corr b P
TV viewing c −0.043 −0.057 0.452 0.030 0.040 0.607
Use of computer games c 0.066 0.089 0.242 −0.039 −0.052 0.502
Use of console games d 0.001 0.001 0.988 −0.135 −0.202 0.188
Use of internet for non-study d −0.067 −0.093 0.269 0.066 0.089 0.280
Use of internet for study d −0.023 −0.029 0.745 0.097 0.132 0.119
Time of study c −0.080 −0.08 0.159 −0.129 −0.174 0.023
Total sedentary time d −0.092 −0.157 0.043 −0.087 −0.117 0.139
Model 2: Model 1 + lean mass
TV viewing c 0.010 0.022 0.772 0.003 0.005 0.947
Use of computer games c −0.008 −0.017 0.822 −0.043 −0.072 0.356
Use of console games d 0.046 0.104 0.238 −0.053 −0.101 0.518
Use of internet for non-study d −0.074 −0.167 0.047 0.058 0.097 0.241
Use of internet for study d −0.029 −0.063 0.484 0.089 0.149 0.055
Time of study c 0.016 0.033 0.663 −0.045 −0.074 0.338
Total sedentary time d −0.033 −0.074 0.343 −0.021 −0.035 0.662
Model 3: Model 2 + MVPA e
TV viewing c 0.006 0.012 0.872 0.001 0.002 0.983
Use of computer games c −0.010 −0.022 0.776 −0.044 −0.073 0.347
Use of console games d 0.043 0.099 0.265 −0.036 −0.067 0.673
Use of internet for non-study d −0.075 −0.168 0.047 0.064 0.109 0.190
Use of internet for study d −0.034 −0.073 0.421 0.085 0.140 0.071
Time of study c 0.015 0.033 0.673 −0.050 −0.081 0.296
Total sedentary time d −0.037 −0.083 0.292 −0.024 −0.040 0.613
Significant results are in bold.
† All sedentary behaviours represent the average of the whole week (min/day).
a β is the estimated standardized regression coefficient.
b Partial correlation.
c Square-root transformed data.
d Log-transformed data.
e Moderate to vigorous physical activity.
Gracia-Marco et al. BMC Public Health 2012, 12:971 Page 5 of 9
http://www.biomedcentral.com/1471-2458/12/971
study, internet for study and study), additional DXA
measurements in regions of clinical relevance regarding
osteoporosis (i.e. lumbar spine and femoral neck) and
controlling for relevant confounders that have been
shown to be associated with bone mass during adoles-
cence, such as lean mass [15] and objectively measured
PA [3].
Our results showed that among the sedentary beha-
viours studied, total sedentary time in boys and time
spent studying in girls were negatively associated with
whole body BMC, respectively. However, these associa-
tions disappeared after controlling for lean mass, which
has been strongly and positively associated with bone
mass in this sample of adolescents [15]. Interestingly,
the use of internet for non-study in boys and the time
spent studying in girls were negatively associated with
whole body and femoral neck BMC, respectively, even
after controlling for lean mass and MVPA. In addition, it
is important to notice that there was a negative border-
line association between the total sedentary time and
femoral neck BMC after controlling for lean mass and
MVPA (models 2 and 3), supporting the main findings
of this study.
The femoral neck, one of the regions with clinical rele-
vance regarding osteoporosis, was significant and nega-
tively associated with time spent studying in all models
of adjustment in girls. Therefore, complementary ana-
lyses were performed at this site. The prevalence of girls
with low femoral neck BMC was calculated considering
both the time spent studying and the participation in
extra-curricular sports. Our results showed that the
prevalence of girls with low femoral neck BMC was
Table 3 Linear regression analysis for lumbar spine bone mineral content as regards to sedentary behaviours
Boys (n=178) Girls (n=181)
Model 1: Adjusted by height and sexual maturation
Sedentary behaviours † β a Partial Corr b p β a Partial Corr b P
TV viewing c −0.049 −0.066 0.381 0.064 0.082 0.289
Use of computer games c 0.068 0.093 0.224 −0.081 −0.103 0.188
Use of console games d −0.008 −0.013 0.884 −0.071 −0.085 0.593
Use of internet for non-study d −0.022 −0.030 0.720 −0.005 −0.006 0.940
Use of internet for study d −0.054 −0.072 0.424 0.069 0.088 0.303
Time of study c −0.061 −0.084 0.274 −0.109 −0.139 0.072
Total sedentary time d −0.073 −0.119 0.127 −0.073 −0.094 0.238
Model 2: Model 1 + lean mass
TV viewing c −0.010 −0.017 0.828 0.048 0.065 0.400
Use of computer games c 0.013 0.022 0.777 −0.083 −0.113 0.150
Use of console games d 0.024 0.044 0.616 −0.017 −0.021 0.897
Use of internet for non-study d 0.011 0.018 0.813 −0.034 −0.046 0.557
Use of internet for study d −0.059 −0.101 0.259 0.098 0.132 0.123
Time of study c 0.010 0.016 0.833 −0.056 −0.074 0.342
Total sedentary time d −0.037 −0.064 0.414 −0.032 −0.044 0.583
Model 3: Model 2 + MVPA e
TV viewing c −0.016 −0.026 0.734 0.045 0.061 0.429
Use of computer games c 0.010 0.018 0.819 −0.085 −0.115 0.144
Use of console games d 0.022 0.041 0.643 0.069 0.085 0.602
Use of internet for non-study d −0.027 −0.049 0.569 −0.003 −0.005 0.957
Use of internet for study d −0.067 −0.114 0.207 0.095 0.127 0.139
Time of study c 0.009 0.015 0.843 −0.062 −0.083 0.286
Total sedentary time d −0.041 −0.071 0.364 −0.036 −0.049 0.537
Significant results are in bold.
† All sedentary behaviours represent the average of the whole week (min/day).
a β is the estimated standardized regression coefficient.
b Partial correlation.
c Square-root transformed data.
d Log-transformed data.
e Moderate to vigorous physical activity.
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Table 4 Linear regression analysis for femoral neck bone mineral content as regards to sedentary behaviours
Boys (n=178) Girls (n=181)
Model 1: Adjusted by height and sexual maturation
Sedentary behaviours † β a Partial Corr b p β a Partial Corr b P
TV viewing c −0.066 −0.077 0.301 −0.039 −0.045 0.561
Use of computer games c 0.037 0.043 0.577 −0.086 −0.099 0.203
Use of console games d 0.041 0.052 0.553 −0.130 −0.156 0.313
Use of internet for non-study d −0.071 −0.084 0.320 −0.016 −0.019 0.822
Use of internet for study d −0.073 −0.082 0.361 −0.053 −0.062 0.466
Time of study c −0.085 −0.099 0.194 −0.190 −0.221 0.004
Total sedentary time d −0.097 −0.126 0.107 −0.172 −0.201 0.011
Model 2: Model 1 + lean mass
TV viewing c −0.018 −0.026 0.738 −0.063 −0.081 0.294
Use of computer games c −0.025 −0.035 0.645 −0.090 −0.117 0.133
Use of console games d 0.084 0.120 0.176 −0.069 −0.088 0.574
Use of internet for non-study d −0.076 −0.110 0.196 −0.025 −0.033 0.691
Use of internet for study d −0.077 −0.110 0.224 −0.022 −0.028 0.738
Time of study c 0.000 0.000 0.997 −0.119 −0.152 0.049
Total sedentary time d −0.043 −0.061 0.435 −0.113 −0.150 0.058
Model 3: Model 2 + MVPA e
TV viewing c −0.021 −0.030 0.695 −0.063 −0.081 0.296
Use of computer games c −0.026 −0.038 0.577 −0.090 −0.117 0.134
Use of console games d 0.083 0.118 0.183 −0.042 −0.051 0.749
Use of internet for non-study d −0.076 −0.110 0.197 −0.026 −0.034 0.683
Use of internet for study d −0.077 −0.108 0.230 −0.024 −0.032 0.712
Time of study c 0.000 0.000 0.999 −0.119 −0.152 0.049
Total sedentary time d −0.045 −0.064 0.413 −0.115 −0.152 0.056
Significant results are in bold.
† All sedentary behaviours represent the average of the whole week (min/day).
a β is the estimated standardized regression coefficient.
b Partial correlation.
c Square-root transformed data.
d Log-transformed data.
e Moderate to vigorous physical activity.
Figure 1 Prevalence of low femoral neck BMC and time of study in active girls (n=30) vs. the rest of girls (n=151).
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smaller in those girls doing ≥3 h/week of extra-
curricular osteogenic sports than in the rest of the sam-
ple (girls doing < 3 h/week of extra-curricular sports +
girls doing non-osteogenic sports + girls not doing
extra-curricular sport). Moreover, the cut-off for time of
study (low: <3 h/day and high: ≥ 3 h/day) was also
included in our analyses as in previous studies [14].
Similar results were obtained independently of the
chosen cut-off. The analyses of other regions, such as
whole body and lumbar spine showed also similar out-
comes. These results suggest the importance of extra-
curricular and osteogenic sports in the development of
healthy bones, especially when sedentary behaviours,
such as to stay seated for studying are evident. Similarly,
it has been shown that sedentary occupations in adult-
hood are associated with an increased risk of hip frac-
ture in elderly people [30].
The mechanisms by which sedentary behaviours lead
to poor bone health are not well understood. According
to a recent literature review [13], sedentary behaviour
leads to a rapid increase in bone resorption without con-
comitant changes in bone formation, resulting in
reduced BMC. The present results indicate that some
sedentary behaviours can be more detrimental for bone
health than others. Both the amount and the pattern of
sedentary time may have influence on bone metabolism.
In a recent study, we observed that the time studying
was a good surrogate marker of objectively measured
sedentary time (the higher the time studying the higher
the time spent sedentary) in a large sample of European
adolescents [19]. Moreover, sitting is common when a
subject is studying or surfing internet. Compared with
other sedentary activities, these activities are character-
ized by spending a lot of minutes in the same position.
As a result of this, an excessive time without mechanical
loading could be detrimental for bone health. We en-
courage adolescents to practice extra-curricular osteo-
genic sports at least 3 h/week in order to break the
sedentary time caused by some sedentary behaviours
such as study.
Limitations and strengths
Although we controlled for several potential confoun-
ders we cannot be certain that other unmeasured con-
founders have not influenced our observations. Our
study focus on adolescents from Zaragoza, Spain, since
bone mass by DXA was only assessed in this sub-sample
of the HELENA-CSS, so the conclusions cannot be gen-
eralized to whatever population. Cross-sectional studies
only can provide suggestive evidence concerning causal
relationships. However, in this specific case, it seems rea-
sonable to think that time spent on sedentary behaviours
could influence BMC, whereas it is not so clear the
mechanisms by which bone mass could determine the
time spent on sedentary behaviours.
The use of sophisticated methods, such as DXA to as-
sess body composition, and the use of accelerometers to
assess PA are strengths of the study. In addition, this
study includes a rather complete set of confounders, i.e.
height, sexual maturation, lean mass and MVPA, which
is crucial to examine the current research question.
Conclusion
The results of this report indicate that some sedentary
behaviour, such as the use of internet for non-study
(in boys) and the time spent studying (in girls) are
negatively associated with whole body and femoral
neck BMC, respectively. In addition, at least 3 h/week
of extra-curricular osteogenic sports may help to coun-
teract the negative association of time spent studying
on bone health in girls. Additional studies (with a
longitudinal or intervention design) must determine
with more accuracy the public health importance of
these findings.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All the authors have substantially contributed to this work: LGM, JPRL, LAM
and GVR designed research; LGM, JPRL, LAM and GVR conducted research;
LGM, JPRL and GVR performed statistical analysis; LGM and JPRL wrote
paper; LGM, JPRL, LAM and GVR had primary responsibility for final content.
All authors have read and approved the final manuscript.
Acknowledgements
The HELENA-CSS takes place with the financial support of the European
Community Sixth RTD Framework Program (Contract FOOD-CT-2005-007034).
This study was also supported by the following grants: Beca de la Fundación
Cuenca Villoro (Spain) and JCI-2010-07055. We gratefully acknowledge all
participating adolescents and their parents for their collaboration. All the
authors have substantially contributed to this work.
Author details
1School of Sport and Health Sciences, University of Exeter, Heavitree Road,
Exeter EX1 2LU, UK. 2GENUD (Growth, Exercise, NUtrition and Development)
Research Group, University of Zaragoza, Zaragoza, Spain. 3Children Institute,
School of Medicine, University of São Paulo, São Paulo, Brazil. 4Facultad de
Ciencias de la Salud, Universidad de Zaragoza, C/Domingo Miral s/n, 50009
Zaragoza, Spain. 5Department of Physiology, School of Medicine, University
of Granada, Granada, Spain. 6Immunonutrition Research Group, Department
of Metabolism and Nutrition, Institute of Food Science, Technology and
Nutrition (ICTAN), Spanish National Research Council (CSIC), Madrid, Spain.
7Faculty of Health and Sport Science (FCSD), Department of Physiatry and
Nursing, University of Zaragoza, Ronda Misericordia 5, 22001 Huesca, Spain.
Received: 26 March 2012 Accepted: 24 October 2012
Published: 13 November 2012
References
1. Rizzoli R, Bianchi ML, Garabedian M, McKay HA, Moreno LA: Maximizing
bone mineral mass gain during growth for the prevention of fractures in
the adolescents and the elderly. Bone 2010, 46:294–305.
2. Zofkova I: Role of genetics in prediction of osteoporosis risk. Vnitr Lek
2011, 57:78–84.
3. Gracia-Marco L, Moreno LA, Ortega FB, Leon F, Sioen I, Kafatos A, Martinez-
Gomez D, Widhalm K, Castillo MJ, Vicente-Rodriguez G: Levels of Physical
Gracia-Marco et al. BMC Public Health 2012, 12:971 Page 8 of 9
http://www.biomedcentral.com/1471-2458/12/971
Activity That Predict Optimal Bone Mass in Adolescents The HELENA
Study. Am J Prev Med 2011, 40:599–607.
4. Vicente-Rodriguez G: How does exercise affect bone development during
growth? Sports Med 2006, 36:561–569.
5. Ara I, Vicente-Rodriguez G, Perez-Gomez J, Jimenez-Ramirez J, Serrano-
Sanchez JA, Dorado C, Calbet JA: Influence of extracurricular sport
activities on body composition and physical fitness in boys: a 3-year
longitudinal study. Int J Obes (Lond) 2006, 30:1062–1071.
6. Gracia-Marco L, Vicente-Rodriguez G, Casajus JA, Molnar D, Castillo MJ,
Moreno LA: Effect of fitness and physical activity on bone mass in
adolescents: the HELENA Study. Eur J Appl Physiol 2011, 111:2671–2680.
7. Vicente-Rodriguez G, Ara I, Perez-Gomez J, Serrano-Sanchez JA, Dorado C,
Calbet JA: High femoral bone mineral density accretion in prepubertal
soccer players. Med Sci Sports Exerc 2004, 36:1789–1795.
8. Vicente-Rodriguez G, Jimenez-Ramirez J, Ara I, Serrano-Sanchez JA, Dorado
C, Calbet JA: Enhanced bone mass and physical fitness in prepubescent
footballers. Bone 2003, 33:853–859.
9. Rauch F, Bailey DA, Baxter-Jones A, Mirwald R, Faulkner R: The 'muscle-
bone unit' during the pubertal growth spurt. Bone 2004, 34:771–775.
10. Schoenau E, Frost HM: The "muscle-bone unit" in children and
adolescents. Calcif Tissue Int 2002, 70:405–407.
11. U.S. Department of Health and Human Services: Key Guidelines for Children
and Adolescents; 2008 http://www.health.gov/PAGuidelines/ (Accessed
September 2011).
12. Pate RR, O'Neill JR, Lobelo F: The evolving definition of "sedentary". Exerc
Sport Sci Rev 2008, 36:173–178.
13. Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N: Physiological and
health implications of a sedentary lifestyle. Appl Physiol Nutr Metab 2010,
35:725–740.
14. Vicente-Rodriguez G, Ortega FB, Rey-Lopez JP, Espana-Romero V, Blay VA,
Blay G, Martin-Matillas M, Moreno LA: Extracurricular physical activity
participation modifies the association between high TV watching and
low bone mass. Bone 2009, 45:925–930.
15. Gracia-Marco L, Ortega FB: Jimenez Pavon D, Rodriguez G, Castillo MJ,
Vicente Rodriguez G, Moreno L: Adiposity and bone health in Spanish
adolescents. The HELENA study. Osteoporos Int 2012, 23:937–947.
16. Moreno LA, Gonzalez-Gross M, Kersting M, Molnar D, de Henauw S, Beghin
L, Sjostrom M, Hagstromer M, Manios Y, Gilbert CC, et al: Assessing,
understanding and modifying nutritional status, eating habits and
physical activity in European adolescents: the HELENA (Healthy Lifestyle
in Europe by Nutrition in Adolescence) Study. Public Health Nutr 2008,
11:288–299.
17. Moreno LA, De Henauw S, Gonzalez-Gross M, Kersting M, Molnar D,
Gottrand F, Barrios L, Sjostrom M, Manios Y, Gilbert CC, et al: Design and
implementation of the Healthy Lifestyle in Europe by Nutrition in
Adolescence Cross-Sectional Study. Int J Obes (Lond) 2008,
32(Suppl 5):S4–S11.
18. Beghin L, Castera M, Manios Y, Gilbert CC, Kersting M, De Henauw S, Kafatos
A, Gottrand F, Molnar D, Sjostrom M, et al: Quality assurance of ethical
issues and regulatory aspects relating to good clinical practices in the
HELENA Cross-Sectional Study. Int J Obes (Lond) 2008, 32(Suppl 5):S12–S18.
19. Rey-Lopez JP, Ruiz JR, Ortega FB, Verloigne M, Vicente-Rodriguez G, Gracia-
Marco L, Gottrand F, Molnar D, Widhalm K, Zaccaria M, et al: Reliability and
validity of a screen time-based sedentary behaviour questionnaire for
adolescents: The HELENA study. Eur J Public Health 2012, 22:373–377.
20. Nagy E, Vicente-Rodriguez G, Manios Y, Beghin L, Iliescu C, Censi L, Dietrich
S, Ortega FB, De Vriendt T, Plada M, et al: Harmonization process and
reliability assessment of anthropometric measurements in a multicenter
study in adolescents. Int J Obes (Lond) 2008, 32(Suppl 5):S58–S65.
21. Vicente-Rodriguez G, Ara I, Perez-Gomez J, Dorado C, Calbet JA: Muscular
development and physical activity as major determinants of femoral
bone mass acquisition during growth. Br J Sports Med 2005, 39:611–616.
22. Tanner JM, Whitehouse RH: Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch Dis
Child 1976, 51:170–179.
23. Moliner-Urdiales D, Ruiz JR, Ortega FB, Rey-Lopez JP, Vicente-Rodriguez G,
Espana-Romero V, Munguia-Izquierdo D, Castillo MJ, Sjostrom M, Moreno
LA: Association of objectively assessed physical activity with total and
central body fat in Spanish adolescents; the HELENA Study. Int J Obes
(Lond) 2009, 33:1126–1135.
24. Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U, Brage S,
Anderssen SA: Physical activity and clustered cardiovascular risk in
children: a cross-sectional study (The European Youth Heart Study).
Lancet 2006, 368:299–304.
25. Ekelund U, Sardinha LB, Anderssen SA, Harro M, Franks PW, Brage S, Cooper
AR, Andersen LB, Riddoch C, Froberg K: Associations between objectively
assessed physical activity and indicators of body fatness in 9- to 10-y-
old European children: a population-based study from 4 distinct regions
in Europe (the European Youth Heart Study). Am J Clin Nutr 2004,
80:584–590.
26. Gracia-Marco L, Vicente-Rodriguez G, Valtuena J, Rey-Lopez JP: Diaz
Martinez AE, Mesana MI, Widhalm K, Ruiz JR, Gonzalez-Gross M, Castillo
MJ, Moreno LA: Bone mass and bone metabolism markers during
adolescence: The HELENA Study. Horm Res Paediatr 2010, 74:339–350.
27. Vicente-Rodriguez G, Dorado C, Ara I, Perez-Gomez J, Olmedillas H,
Delgado-Guerra S, Calbet JA: Artistic versus rhythmic gymnastics: effects
on bone and muscle mass in young girls. Int J Sports Med 2007,
28:386–393.
28. Vicente-Rodriguez G, Dorado C, Perez-Gomez J, Gonzalez-Henriquez JJ,
Calbet JA: Enhanced bone mass and physical fitness in young female
handball players. Bone 2004, 35:1208–1215.
29. Ho AY, Kung AW: Determinants of peak bone mineral density and bone
area in young women. J Bone Miner Metab 2005, 23:470–475.
30. Cooper C, Wickham C, Coggon D: Sedentary work in middle life and
fracture of the proximal femur. Br J Ind Med 1990, 47:69–70.
doi:10.1186/1471-2458-12-971
Cite this article as: Gracia-Marco et al.: Sedentary behaviours and its
association with bone mass in adolescents: the HELENA cross-sectional
study. BMC Public Health 2012 12:971.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Gracia-Marco et al. BMC Public Health 2012, 12:971 Page 9 of 9
http://www.biomedcentral.com/1471-2458/12/971
